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CLAIMS 



[Claim(s)] 

[Claim l] In the gas piping system which carries out the sequential course of the 1st 
latching valve and the massflow controller from the source of process gas, and supplies 
process gas to a process chamber The source for measurement of gas which supplies the 
gas for measurement, and the purge valve which an entrance side connects to said source 
for measurement of gas, and an outlet side connects to the entrance side of said massflow 
controller of said gas piping system, It has the pressure gage which measures the pressure 
of the outlet side of said purge valve, and the monitoring means which carries out the 
monitor of the indicated value of said pressure gage with a fixed time interval. Supply of 
said process gas to said massflow controller is intercepted by said 1st latching valve. Close 
a purge valve and a pressure is reduced, after opening said purge valve and making 
indicated value of said manometer into a predetermined pressure. The assay period when 
the indicated value of said pressure gage falls with constant speed is determined from the 
monitor result of said monitoring means. The pressure at the time of initiation of said 
assay period, The massflow controller flow rate assay system characterized by authorizing 
the measurement precision of a massflow controller by the pressure at the time of 
termination of an assay period, and the duration until it results from the time of said 
initiation at the time of said termination. 

[Claim 2] In the massflow controller flow rate assay system indicated to claim 1 It has an 
absolute value calculation means by which said monitoring means computes the absolute 
value of the difference for the indicated value of said pressure gage which carried out the 
monitor as compared with the indicated value at the time of the last monitor. The 
massflow controller flow rate assay system characterized by considering the time of the 
difference of the absolute value which said absolute value calculation means computed, 
and the last calculation value becoming below a predetermined value as the time of 
initiation of said assay period, and considering the time of the difference exceeding a 
predetermined value after that as the time of termination of an assay period. 
[Claim 3] In the massflow controller flow rate assay system indicated to claim 1 It has a 
rate-of-change calculation means by which said monitoring means computes the rate of 
change for the indicated value of said pressure gage which carried out the monitor as 
compared with the indicated value at the time of the last monitor. The time of the ratio of 
the rate of change which said rate-of-change calculation means computed, and the last 
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calculation value becoming within the limits predetermined [ containing 1 ] is considered 
as the time of initiation of said assay period. The massflow controller flow rate assay 
system characterized by considering the time of the ratio becoming out of range 
[ predetermined / containing 1 ] after that as the time of termination of an assay period. 
[Claim 4] In the massflow controller flow rate assay system indicated to claim 1 thru/or 
claim 3 A storage means to perform said assay when a massflow controller is attached in 
said pipe line, and to always [ of a fall of said pressure / forward ] memorize data, The 
massflow controller flow rate assay system characterized by having the control means 
which the data of a fall of the pressure which measured by performing said assay, and 
always [ said / forward ] compares data, and authorizes the abnormalities of a massflow 
controller after said process works. 

[Claim 5] It is the massflow controller flow rate assay system characterized by having the 
reserve tank prepared in the outlet side of said purge valve, and the 2nd latching valve 
prepared in the inlet port of said reserve tank in the massflow controller flow rate assay 
system indicated to claim 1 thru/or claim 4, authorizing by opening said 2nd latching valve 
about the massflow controller of a large flow rate, closing said 2nd latching valve and 
authorizing about the massflow controller of a small flow rate. 

[Claim 6] It is the massflow controller flow rate assay system characterized by to have the 
mass flow sensor formed in the outlet side of said purge valve in the massflow controller 
flow rate assay system indicated to claim 1 thru/or claim 4, to open said purge valve about 
the massflow controller of a large flow rate, to authorize said gas for measurement with the 
indicated value of a sink and said mass flow sensor at that time to said mass flow sensor 
and said massflow controller, and to authorize with each aforementioned means about the 
massflow controller of a small flow rate. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the flow rate assay system which can 
authorize the flow rate measurement precision of the massflow controller in the condition 
of having included in the detail into the system further about flow rate assay of the 
massflow controller used for the gas system in a semi-conductor manufacture process. 
[0002] 

[Description of the Prior Art] In the membrane formation equipment in a semi-conductor 
production process, a dry type etching system, etc., strong inflammability gas, such as 
corrosive gas, such as so-called special material gas, chlorine gas, etc., such as a silane and 
a phosphine, and hydrogen gas, etc. is used, for example. In use of these gas, the flow rate 
must be managed very strictly for the reason explained below. 

[0003] The fact that a quantity of gas flow influences the quality of a process directly is 
cited as the reason. That is, in a membrane formation process, the quality of circuit 
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processing is influenced [ great ] by membraneous quality with the precision of a quantity 
of gas flow in an etching process. The fact that this kind of gas [ many of ] has the body, 
harmful nature or explosivility over an environment, etc. is cited as another reason. For 
this reason, exhausting these gas after use to direct atmospheric air is not allowed, but it 
must be equipped with the damage elimination means according to a type of gas. This 
damage elimination means may lead to an outflow by the environment of harmful gas, or 
breakage of a damage elimination means, when the throughput is restricted usually and 
the flow rate more than an allowed value flows. Furthermore, since the thing of the high 
grade which can be used in these gas, especially a semi conductor manufacture process, 
and non-dust has the expiration date by natural deterioration an expensive top depending 
on a type of gas, it also becomes a reason that extensive storage cannot be performed. 
[0004] With at most 500 seem extent, since the actual flow rate of these gas that a process 
unit requires is small, it arranges a well-known massflow controller into piping from before, 
and he is trying to pass the optimal flow rate for every type of gas on the other hand. By 
changing applied voltage, this massflow controller changes a setting flow rate, and can 
respond now to modification of a process recipe. 

[0005] Since the massflow controller in this kind of gas process is a thing aiming at 
controlling a small flow rate, it has a capillary inside, and it is performing the monitor of a 
flow rate etc. according to an operation of that capillary. Among the gas which flows a 
massflow controller on the other hand, also within the piping on a property, especially the 
charge gas of membrane formation material may deposit a solid, and may change the flow 
rate capacity of piping. Since a real flow rate changes even if the relation of the applied 
voltage and the real flow rate in the massflow controller will naturally change and there 
will be no change in a setup of applied voltage, if this change takes place, the stability of a 
process will be checked. When such [ actually ] change takes place, a setup of applied 
voltage must be corrected in order to pass a right quantity of gas flow. At this time, the 
need of measuring the real flow rate of a massflow controller arises. 

[0006] When a deposit solid is furthermore accumulated, it becomes impossible to be 
unable to cope with it in correction of an applied-voltage setup. It is because it is a capillary, 
i.e., it is alike and the monitor of a flow rate becomes impossible more. Continuing using 
such a massflow controller before it will send into a process unit the particle which should 
be most disliked on semi-conductor manufacture, and it is not desirable. Therefore, in such 
a case, a massflow controller must be exchanged for a new article. Since individual 
difference cannot be disregarded even if it is the same model, and the bolting condition of 
joint with the pipe line also influences a real flow rate, the relation between the applied 
voltage of a massflow controller and a real flow rate needs to measure a real flow rate in 
the new exchanged massflow controller here. 

[0007] however, the thing for which the real flow rate of a massflow controller is measured 
- most past - there is no line crack ****. The reason has measurement of the real flow rate 
of the massflow controller in the condition of having included in the pipe line in a difficult 
thing. Then, applied voltage was provisionally set up by an operator's intuition and 
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experience instead of measuring a real flow rate, the process was performed, the quality of 
an estimate was judged by the quality, this was repeated, and the optimal set point is 
determined. For this reason, costs, such as various gas, a test wafer, etc. which it takes 
time amount by optimum- value decision, and the real availability of a process unit not only 
becomes low, but consumes in that process, must have been made light of, either. 
[0008] In order to solve this problem, these people have proposed the system which 
performs flow rate assay of the massflow controller actually attached in the pipe line by 
Japanese Patent Application No. No. 286986 [ four to ]. After having introduced nitrogen 
gas from the pipe line of the nitrogen gas for a purge after intercepting supply of the 
process gas to a massflow controller, and filling entrance-side piping of a massflow 
controller with this approach with nitrogen gas, flow rate assay of a massflow controller 
was performed by measuring the pressure drawdown accompanying time amount progress. 
After measuring and memorizing the initial value of the pressure drawdown accompanying 
time amount progress furthermore when a massflow controller is installed in a detail at 
the pipe line, and using a massflow controller, flow rate assay of a massflow controller was 
performed by measuring the value of the pressure drawdown accompanying time amount 
progress, and getting to know change with the value and initial value. 
[0009] 

[Problem(s) to be Solved by the Invention] However, there was the following problem in the 
system proposed by Japanese Patent Application No. No. 286986 [ four to ]. 
(l) Let it be a summary for this system to measure the pressure drawdown rate when 
filling up piping with the inert gas for assay (it being N2 generally gas), and discharging 
from a massflow controller with the reference value measured at the time of a new article 
fundamentally. A pressure drawdown rate measures a pressure and time of day with the 
time of initiation of pressure drawdown, and termination, and the average calculated from 
pressure drawdown time amount and differential pressure is used for it here. 
[00 10] Although it is necessary to take the period of the time of initiation to the time of 
termination for a long time in order to measure pressure drawdown time amount with high 
precision, on the other hand, a pressure drawdown rate is not strictly fixed. Change with 
the general pressure and general flow rate when discharging from a massflow controller is 
shown in the graph of drawing 9 . Although it is an almost fixed flow rate while it is for a 
while from the time of discharge initiation (tl) (section A), it is time of day t2. The flow rate 
is decreasing henceforth (section B). For this reason, since the accuracy of measurement 
will be worsened on the contrary if such a long period that measurement of pressure 
drawdown time amount reaches Section B is taken, the period concerned must set up as 
long a period as possible within the limits of Section A. However, time of day t2 when a 
flow rate begins to decrease A corresponding pressure has **** with each massflow 
controller, and is not fixed. For this reason, before connecting a massflow controller to 
piping, it is necessary to conduct a flow rate fluctuation experiment and to determine a 
Measuring condition, and the burden of a man day, the measuring device of dedication, etc. 
is large. 
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[0011] (2) Furthermore, two or more branching is prepared in a gas line according to the 
class of gas used in a process, and each is equipped with a massflow controller. The 
property that each massflow controller changes with a type of gas, a flow rate range, 
pressure ranges, etc. is given, and the optimal Measuring conditions for flow rate assay 
also differ. For this reason, it is necessary to set up the terms and conditions for the 
amount assay of initial-pressure uniform flows for every massflow controller. 
(3) Moreover, in authorizing especially the massflow controller of a large flow rate, a 
pressure descends immediately from generally the volume of piping being small. Therefore, 
pressure drawdown time amount was too short, and the good accuracy of measurement 
was not obtained. 

[0012] Are applicable also to the system equipped with two or more massflow controllers 
with which this invention is made in order to solve the trouble mentioned above, and it 
does not need the setting pressure for assay for each (l 2) massflow controller of every, but 
properties differ. (3) by enabling flow rate assay with high degree of accuracy also about 
the massflow controller of a large flow rate especially It aims at offering the massflow 
controller flow rate assay system which enables stable operation of the process which 
corresponds to the individual difference and aging of a massflow controller appropriately, 
has in them, and uses gas, and high availability operation. 
[0013] 

[Means for Solving the Problem] 

In order to attain said purpose (l) The massflow controller flow rate assay system of this 
invention In the gas piping system which carries out the sequential course of the 1st 
latching valve and the massflow controller from the source of process gas, and supplies 
process gas to a process chamber The source for measurement of gas which supplies the 
gas for measurement, and the purge valve which an entrance side connects to said source 
for measurement of gas, and an outlet side connects to the entrance side of said massflow 
controller of said gas piping system, It has the pressure gage which measures the pressure 
of the outlet side of said purge valve, and the monitoring means which carries out the 
monitor of the indicated value of said pressure gage with a fixed time interval. Supply of 
said process gas to said massflow controller is intercepted by said 1st latching valve. Close 
a purge valve and a pressure is reduced, after opening said purge valve and making 
indicated value of said manometer into a predetermined pressure. The assay period when 
the indicated value of said pressure gage falls with constant speed is determined from the 
monitor result of said monitoring means. The pressure at the time of initiation of said 
assay period, The measurement precision of a massflow controller is authorized by the 
pressure at the time of termination of an assay period, and the duration until it results 
from the time of said initiation at the time of said termination. 

[0014] (2) Moreover, the massflow controller flow rate assay system of this invention 
Indicate to (l) and it has an absolute value calculation means to compute the absolute 
value of the difference for the indicated value of said pressure gage in which said 
monitoring means carried out the monitor as compared with the indicated value at the 
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time of the last monitor. It is characterized by considering the time of the difference of the 
absolute value which said absolute value calculation means computed, and the last 
calculation value becoming below a predetermined value as the time of initiation of said 
assay period, and considering the time of the difference exceeding a predetermined value 
after that as the time of termination of an assay period. 

(3) Moreover, the massflow controller flow rate assay system of this invention Indicate to 
(l) and it has a rate -of" change calculation means to compute the rate of change for the 
indicated value of said pressure gage in which said monitoring means carried out the 
monitor as compared with the indicated value at the time of the last monitor. It is 
characterized by considering the time of the ratio of the rate of change which said 
rate-of-change calculation means computed, and the last calculation value becoming 
within the limits predetermined [ containing 1 ] as the time of initiation of said assay 
period, and considering the time of the ratio becoming out of range [ predetermined / 
containing 1 ] after that as the time of termination of an assay period. 

[0015] (4) Moreover, the massflow controller flow rate assay system of this invention (l) Or 
a storage means to perform said assay when it indicates to (3) and a massflow controller is 
attached in said pipe line, and to always [ of a fall of said pressure / forward ] memorize 
data, After said process works, it is characterized by having the control means which the 
data of a fall of the pressure which measured by performing said assay, and always [ said / 
forward ] compares data, and authorizes the abnormalities of a massflow controller. 
(5) Moreover, the massflow controller flow rate assay system of this invention is 
characterized by indicating to (l) thru/or (4), having the reserve tank prepared in the 
outlet side of said purge valve, and the 2nd latching valve prepared in the inlet port of said 
reserve tank, authorizing by opening said 2nd latching valve about the massflow controller 
of a large flow rate, closing said 2nd latching valve and authorizing about the massflow 
controller of a small flow rate. 

[0016] (6) Moreover, the massflow controller flow rate assay system of this invention (l) It 
indicates to (4) and has the mass flow sensor formed in the outlet side of said purge valve. 
Or about the massflow controller of a large flow rate It is characterized by opening said 
purge valve, authorizing said gas for measurement to said mass flow sensor and said 
massflow controller with the indicated value of a sink and said mass flow sensor at that 
time, and authorizing with each aforementioned means about the massflow controller of a 
small flow rate. 
[0017] 

[Function] In the massflow controller flow rate assay system of this invention (l) which has 
said configuration, the 1st latching valve is closed, supply of the process gas to a massflow 
controller is intercepted, a purge valve is opened, and the gas for measurement is supplied 
to a gas piping system. If a purge valve is closed after the indicated value of a manometer 
becomes a predetermined pressure, supply of the gas for measurement is suspended, and 
since the gas for measurement flows out through a massflow controller, the indicated value 
of a manometer will fall. The monitor of the indicated value of a pressure gage is carried 
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out by the monitoring means with the fixed time interval, and the assay period when a 
pressure declines with constant speed from the monitor result is determined. And the 
measurement precision of a massflow controller is authorized by the pressure at the time 
of initiation of an assay period, the pressure at the time of termination of an assay period, 
and the duration until it results from the time of initiation at the time of termination. 
[0018] Moreover, in the massflow controller flow rate assay system of this invention (2), an 
absolute value calculation means computes the absolute value of the difference for the 
indicated value of the pressure gage in which the monitoring means carried out the 
monitor as compared with the indicated value at the time of the last monitor. And the time 
of the difference of the computed absolute value and the last calculation value becoming 
below a predetermined value is considered as the time of initiation of an assay period, and 
the time of the difference exceeding a predetermined value after that is considered as the 
time of termination of an assay period. Based on the time of this initiation and termination, 
the measurement precision of a massflow controller is authorized, as shown in (l). 
[0019] Moreover, in the massflow controller flow rate assay system of this invention (3), a 
rate-of-change calculation means computes the rate of change for the indicated value of the 
pressure gage in which the monitoring means carried out the monitor as compared with 
the indicated value at the time of the last monitor. And the time of the ratio of the 
computed rate of change and the last calculation value becoming within the limits 
predetermined [ containing 1 ] is considered as the time of initiation of an assay period, 
and the time of the ratio becoming out of range [ predetermined / containing 1 ] after that 
is considered as the time of termination of an assay period. Based on the time of this 
initiation and termination, the measurement precision of a massflow controller is 
authorized, as shown in (l). 

[0020] Moreover, in the massflow controller flow rate assay system of this invention (4), 
when a massflow controller is attached in the pipe line, it authorizes, as shown in (l) 
thru/or (3), and a storage means always [ forward ] memorizes by using the data of a fall of 
the pressure at that time as data. And after a process works, again, as shown in (l) thru/or 
(3), it authorizes, and a control means the data of a fall of the measured pressure, and 
always [ forward ] compares data, and authorizes the abnormalities of a massflow 
controller. 

[0021] Moreover, in the massflow controller flow rate assay system of this invention (5), 
about the massflow controller of a large flow rate, the 2nd latching valve is opened and a 
reserve tank is connected to a gas piping system, and as shown in (l) thru/or (4), it 
authorizes. On the other hand, about the massflow controller of a small flow rate, the 2nd 
latching valve is closed and a reserve tank is intercepted from a gas piping system, and as 
shown in (l) thru/or (4), it authorizes. Moreover, in the massflow controller flow rate assay 
system of this invention (6), about the massflow controller of a large flow rate, a purge 
valve is opened and the measurement precision of a massflow controller is authorized for 
the gas for measurement with the indicated value of a sink and the mass flow sensor at 
that time to a mass flow sensor and a massflow controller. About the massflow controller of 
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a small flow rate, as shown in (1) thru/or (4), it authorizes. 
[0022] 

[Example] Some examples which materialized the massflow controller flow rate assay 
system of this invention, and were hereafter included in the gas piping system are 
explained with reference to a drawing. Drawing 1 is the block diagram of the gas system of 
the 1st example. In drawing 1 , two kinds of process gas (A, B) lets the process gas line 
(16A, 16B) which has the 1st closing motion valve (15A, 15B), a massflow controller (11A, 
11B), and the 2nd closing motion valve (2A, 2B), respectively pass, and is supplied to a 
process chamber. In a process chamber, dry etching, gaseous-phase membrane formation, 
thermal oxidation, etc. are performed to a semi-conductor wafer using the supplied process 
gas. 

[0023] Furthermore, the common measurement gas line 12 is formed apart from the source 
of process gas (A, B). The measurement gas line 12 contains the regulator for supplying the 
nitrogen gas which is gas for measurement for flow rate assay of a massflow controller 
(llA, 11B), and decompressing and supplying the source of high-pressure nitrogen gas, 
and nitrogen gas to a required pressure. In addition, the measurement gas line 12 serves 
as a role of a gas line for a purge used when carrying out atmospheric- air disconnection of 
the process chamber, piping from the measurement gas line 12 should branch, after 
passing through a purge valve 14, and pass the closing motion valve for connection (4A, 
4B) it joins between the 1st closing motion valve (15A, 15B) of each process gas line, and 
a massflow controller (llA, 11B). 

[0024] It has a closing motion valve for connection (4A, 4B) in order to authorize a 
massflow controller (llA, 11B) to each **. That is, although mentioned later for details, 
when authorizing massflow controller 11A, closing motion valve 4A for connection is 
opened, and closing motion valve 4B for connection is closed. Closing motion is made 
reverse when authorizing massflow controller 11B. On the other hand, a purge valve 14 is 
a pilot type closing motion valve, and the solenoid valve 21 which supplies the air for 
driving this and is intercepted is connected. Moreover, a pressure sensor 13 is formed 
between a purge valve 14 and the closing motion valve for connection (4A, 4B), and the 
pressure of the nitrogen gas for measurement is detected. 

[0025] The gas system of this example has the flow rate assay control unit 22. The flow rate 
assay control unit 22 is constituted by the display 26 which displays A/D converter 25, and 
various data and statuses for changing into digital data CPU23 which is an operation 
means, 1/024 which is an input/output interface, and analog data, and 1/027 which is an 
interface with a host computer 28. Here, ROM which stores a control program, and RAM 
which memorizes data etc. temporarily are included in CPU23. 

[0026] The output of a pressure sensor 13 is connected to A/D converter 25. Moreover, the 
solenoid valve 21 is connected to 1/024. On the other hand, the flow rate assay control unit 
22 is connected to the host computer 28 which is controlling the whole process. That is, 
1/027 is connected to 1/029 which is an interface by the side of a host computer 28 through 
the data communication lines 31 and 31. 1/029 is connected to CPU30 of a host computer 
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28. 

[0027] Next, an operation of the gas system of this example that has the above-mentioned 
configuration is explained. The operation in the case of performing introduction and the 
usual process is explained. In case the usual process recipe is performed in this gas system 
After the nitrogen from the measurement gas line 12 does not flow to each gas line by 
making close a latching valve (4A, 4B) and making it each process gas not flow backwards 
to the direction of a pressure sensor 13 A programmed voltage is impressed to a massflow 
controller (11A, 11B), and only a required flow rate passes each process gas to a process 
chamber by making open the 1st closing motion valve (15A, 15B) and the 2nd closing 
motion valve (2A, 2B). In a process chamber, the wafer which it is going to process is 
contained, heating, plasma impression, etc. are performed suitably, it combines with an 
operation of process gas and required processing is performed. 

[0028] In this gas system, the case where a massflow controller (11A, 11B) is exchanged for 
a new article is considered. Since a massflow controller generally has a capillary inside, 
even if it is the thing of a highly uniform, it is influenced also according to the factor which 
cannot disregard the individual difference of the relation of the applied voltage and real 
flow rate, and is [ condition / of joint with piping / bolting ] hard to control. For this reason, 
it is desirable when resetting up the applied voltage to the real flow rate which measures 
and needs the real flow rate in the condition of having included in the system aims at good 
operation of a process. 

[0029] Moreover, since plugging of a capillary etc. may occur and the property of a 
massflow controller (11A, 11B) may change by carrying out count activation of many real 
recipes, in the very large semi-conductor production process of the effect which the 
precision of a real flow rate has on quality directly, it is required to authorize the real flow 
rate which a massflow controller (11A, 11B) measures by suitable frequency. Since the 
massflow controller flow rate assay system is incorporated in the gas system of this 
example, it is possible to reset up the applied voltage to the real flow rate which authorizes 
and needs the gas real flow rate of each massflow controller (11A, 11B). 
[0030] The proced ure of the quantity-of-gas-flow assay in the gas system of this example is 
explained based on the flow chart of drawing 2 and drawing 3 . Drawing 2 explains first 
the procedure which measures the pressure drawdown time amount of forward always. 
This flow is performed by the control program stored in ROM of said CPU23. If it equips 
with new massflow controller 11A, supply of the process gas A to massflow controller 11A 
will be first intercepted by making close 1st closing motion valve 15A. And 2nd closing 
motion valve 2A and massflow controller 11A are opened, and the process gas A which 
remains in the massflow controller 11 is discharged. And a purge valve 14 and latching 
valve 4A are opened, and nitrogen gas is introduced into process gas-line 16A from the 
measurement gas line 12 (Si). In addition, at this time, latching valve 4B closes and 
intercepts with other process gas lines. 

[0031] Next, let a flow rate setup of massflow controller 11A be the predetermined value 
usually used in a process (S2). The nitrogen gas of the pressure set to process gas-line 16A 
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by the regulator contained in the measurement gas line 12 is filled up with this condition, 
and the nitrogen gas of the usual setting flow rate is flowing out of massflow controller 11 A. 
The monitor of the pressure of the nitrogen gas at this time is carried out by the pressure 
sensor 13. Next, a purge valve 14 is closed (S3). Thereby, supply of the nitrogen gas from 
the measurement gas line 12 is suspended. For this reason, the pressure of the nitrogen 
gas which a pressure sensor 13 detects declines with the outflow from massflow controller 
11 A. 

[0032] During the period from which this pressure drop has happened, the detected 
pressure force of the pressure sensor 13 is read with a predetermined time interval (it can 
** in the top, so that 10 thru/or 200msec extent, and the resolution of A/D converter 25 are 
high), and RAM of CPU23 memorizes (S4). It is Pn about this following and detected 
pressure force. It displays. At this time, by CPU23, change value deltaPn (=PnPnl) of the 
detected pressure force is computed, and this is also memorized. CPU23 is deltaPn. 
Whenever it computes, it is change value deltaPn- 1 [ last ]. It compares. And deltaPn 
deltaPn- 1 It judges whether the absolute value ABS of a difference (deltaPn-deltaPn- 1) is 
below the predetermined critical value dP (S5). When it is over dP, return and also 
measurement are continued to (S5*No) and S4. 

[0033] ABS (deltaPn-deltaPn-1) is below dP - Pn at that time (S5:Yes) a value - initial 
pressure PI ** " carrying out - RAM of CPU23 - setting up - the time of day at that time 
(the same the following based on the time of closing a purge valve 14 by S3) - time amount 
measurement start time tl ** - it carries out (S6). That is, since a flow rate is not 
stabilized immediately after closing a purge valve 14 and high measurement of precision 
cannot do it, it is for making this into the outside of the object of a pressure drawdown rate 
operation. And the pressure survey in further predetermined spacing is continued, and it is 
Pn. And deltaPn It memorizes to RAM (S7). CPU23 is deltaPn. Whenever it computes, it is 
change value deltaPn- 1 [ last ]. It compares. And it judges whether ABS 
(deltaPn-deltaPn l) is over dP (S8). In being below dP, it continues return and also 
measurement to (S8-No) and S7. It is because it can consider that a pressure drawdown 
rate is still fixed. 

[0034] if ABS (deltaPn-deltaPn-1) is over dP (S8:Yes) - Pn at that time a value - telophase 
pressure P2 ** - carrying out RAM of CPU23 - setting up - the time of day at that time 
-- time amount measurement end time t2 ** - (S9) to carry out. And time of day tl Time of 
day t2 It is the normal pressure drawdown time amount ts about a difference. It carries out 
and memorizes to RAM of CPU23 (S10). And the setting flow rate of massflow controller 
11A is displayed on a display 26 (Sll). In this way, it is the pressure drawdown time 
amount ts of forward always. Measurement is completed. 

[0035] And when it is necessary to perform a real recipe several times and the flow rate of a 
massflow controller needs to be authorized, pressure drawdown time amount is measured 
again, and it is the normal pressure drawdown time amount ts. It compares. This flow is 
shown in drawing 3 . S21 to S23 of the flow of drawing 3 is completely the same as that of 
Si to S3 of the flow of drawing 2 . That is, 1st closing motion valve 15A and latching valve 
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4B are made close, 2nd closing motion valve 2A, massflow controller 11A, a purge valve 14, 
and latching valve 4A are opened, the nitrogen gas of the measurement gas line 12 is 
introduced into process gas-line 16A (S2l), a flow rate setup of the massflow controller 11A 
is carried out (S22), a purge valve 14 is closed, and pressure drawdown is started (S23). 
[0036] And initial pressure PI which the measurement value of a pressure sensor 13 
measured by the flow of drawing 2 It is the time amount measurement start time t3 about 
the time of cutting. It carries out (S24) and the measurement value of a pressure sensor 13 
is the telophase pressure P2. It is the time amount measurement end time t4 about the 
time of cutting. It carries out (S25). And it is the measurement pressure drawdown time 
amount te about the difference of both time of day. It carries out and memorizes to RAM of 
CPU23 (S26). CPU23 is the measurement pressure drawdown time amount te. Normal 
pressure drawdown time amount ts It judges whether it compares and is in tolerance (S27). 
In being in tolerance, a normal purport is outputted (S28), and (S27:Yes) and massflow 
controller 11A calculate a real flow rate from the relation between pressure drawdown 
time amount and a setting flow rate (S29), and display the real flow rate obtained as a 
result of the count on a display 26 (S30). Measurement pressure drawdown time amount te 
In not being in tolerance, (S27'No) and massflow controller 11A output an unusual purport 
(S31). 

[0037] Measurement pressure drawdown time amount te performed by S27 here Normal 
pressure drawdown time amount ts Decision of the condition of massflow controller 11A by 
comparison is explained. In S27, it asks for the flow rate rate of change r by the following 
(1) type. 

r = (te -ts )/te (l) 

If this r is closer to 0 than a predetermined value, in S27, it will be judged as Yes. It is te in 
order to calculate the value of r with a sufficient precision. It is necessary to take as greatly 
as possible, for this reason, within the limits accepted that a flow rate is fixed in the flow of 
drawing 2 '-■ PI from - P2 the range to reach - if possible large ■- taking - the flow of 
drawing 3 - setting - te He is trying to be taken as greatly as possible. 
[0038] Assay of massflow controller 1 1A is made in this way. Since according to the flow of 
this drawing 2 and drawing 3 the optimal measuring pressure force is determined by 
control of the flow rate assay control unit 22 and hydrometry is performed by that pressure 
value, there is no need of carrying out setting pressure repeating manual measurement for 
each massflow controller of every like before. 

[0039] Next, the 2nd example is explained. This example transforms some flows of control 
of the 1st above mentioned example, is not the difference of a pressure and makes a 
judgment whether the pressure drawdown rate in [ S5 and S8 ] the flow of the initial 
measurement of drawing 2 is fixed by the ratio. Namely, pressure value deltaPn deltaPn-1 
If a ratio is a value near 1, it will consider that a pressure drawdown rate is fixed, and it is 
a pressure PI. Pressure P2 It determines. Therefore, if the value of (deltaPn-1 / deltaPn) is 
outside the range (for example, 0.985 ■ 1.015 grade) appointed beforehand in S5, it will be 
judged as No, if it is within the limits of it, it will be judged as Yes, and it is a pressure Pi 
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at S6. It determines. And in S8, if it is within the limits of it, it will be judged as No, if it is 
outside the range, it will be judged as Yes, and it is a pressure P2 at S9. It determines. 
There is especially no difference except this. 

[0040] Next, the 3rd example is explained. This example performs deformation different 
from the 2nd example described above about some flows of control of the 1st example, and 
sets it to the flow of measurement of drawing 3 . The indicated value of a pressure sensor 
13 is a pressure Pi. And pressure P2 Time of day tl determined by the initial 
measurement flow instead of finding a pressure drawdown rate from the time of day when 
cutting Time of day t2 It uses and a pressure drawdown rate is found from the indicated 
value of the pressure sensor 13 at those times. Therefore, at S24, it is time of day tl. It is 
the pressure which can be set P3 It carries out and is time of day t2 at S25. It is the 
pressure which can be set P4 It carries out. And a pressure P3 and a pressure P4 Pressure 
PI for which it asked by the difference and the flow of drawing 2 Pressure P2 It asks for 
the flow rate rate of change r according to a difference, and processing not more than S27 is 
performed. There is especially no difference except this. 

[0041] Next, the 4th example is explained. This example is considered as the configuration 
which equipped the down-stream location with the reserve tank 17 from the purge valve 14 
of the measurement gas line 12 as shown in drawing 4 . The attaching position of a reserve 
tank 17 is equipped with the 2nd latching valve 18. When the 2nd latching valve 18 is 
closed, there are no thing and difference of the configuration of drawing 1 . When the 2nd 
latching valve 18 is being opened, only the part of a reserve tank 17 has the volume of a 
down-stream part larger than a purge valve 14. In the gas system of this configuration, the 
same flows of control as said 1st example perform hydrometry. That is, in this example, 
where the 2nd latching valve 18 is opened, the same flow as drawing 2 and drawing 3 
performs initial measurement and the hydrometry after use in the first half. 
[0042] The description of this example is that it can measure the flow rate of the massflow 
controller of a large flow rate with high degree of accuracy. Because, the volume of piping 
from a purge valve 14 to [ the gas system of the configuration of drawing 1 ] massflow 
controller 1 1A is small. For this reason, when the flow rate of massflow controller 1 1A is 
large, a pressure drawdown rate is too quick and becomes inadequate [ the accuracy of 
measurement of the pressure drawdown time amount in the flow of drawing 2 ]. So, in this 
example, by performing measurement various in the condition of having opened the 2nd 
latching valve 18, the piping volume is enlarged, and only the part of a reserve tank 17 
secures pressure drawdown time amount sufficiently long also about the massflow 
controller of a large flow rate, and enables assay by the high accuracy of measurement. As 
shown in drawing 5 , specifically, actuation (S4l) of opening the 2nd latching valve 18 is 
inserted just behind in [ Si ] the flow of said drawing 2 , and just behind in [ S21 ] the flow 
of drawing 3 . 

[0043] About the massflow controller of a small flow rate, if the 2nd latching valve 18 is 
closed and measured, with the case of the 1st example, it will be an EQC and the long 
measuring time will hardly be required unfairly. In addition, in this example, a reserve 
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tank 17 and 2 or more sets of 2nd latching valve 18 may be formed not only in one piece 
each. For example, when 2 sets of reserve tanks 17 and the 2nd latching valve 18 are 
formed, optimal measurement can be performed for every massflow controller of a small 
flow rate, the amount of middle classes, and a large flow rate. In this case, it defines 
[ which measures ] beforehand whether a reserve tank 17 is used for every gas line. 
Moreover, as flows of control, the thing of not only the thing of said 1st example but the 
2nd example or the thing of the 3rd example may be used. 

[0044] Next, the 5th example is explained. This example is considered as the configuration 
which equipped the down-stream location with the mass flow sensor 19 from the purge 
valve 14 of the measurement gas line 12 as shown in drawing 6 . The mass flow sensor 19 
measures directly and outputs the flow rate of the flowing gas, and the thing suitable for 
the flow rate range used in the massflow controller of a large flow rate is used. The output 
of the mass flow sensor 19 is inputted into CPU23 through an A/D converter like the 
output of a pressure sensor 13. In addition to this, the thing of drawing 1 and the difference 
in a configuration are not. 

[0045] In this example, when measuring the massflow controller of a small flow rate, the 
pressure drawdown rate when discharging from massflow controller 11A performs 
hydrometry like said 1st example. It is because a pressure drawdown rate is small in 
measurement of the massflow controller of a small flow rate, pressure drawdown time 
amount is comparatively long, so measurement of a sufficiently high precision can be 
performed by this approach. On the other hand, when measuring the massflow controller 
of a large flow rate, the mass flow sensor 19 is used. It is because pressure drawdown time 
amount is short in the case of a large flow rate, so the measuring accuracy by the pressure 
drawdown rate tends to become low. What is necessary is to close 1st closing motion valve 
15A, to open a purge valve 14, latching valve 4A, and 2nd closing motion valve 2A, to carry 
out a flow rate setup of massflow controller 11A, and just to read the flow rate value of the 
mass flow sensor 19 in the condition, in carrying out the hydrometry by the mass flow 
sensor 19. 

[0046] Therefore, the flow of the initial measurement in this example becomes what 
inserted decision of the selection of a measuring method to the flow shown in drawing 2 , 
and the hydrometry by the mass flow sensor 19. This is shown in drawing 7 . In S42, that 
judgment which should be measured with which measurement method is made after 
processing (massflow controller 11A is usually set as a flow rate) of S2 of drawing 2 . When 
performing the hydrometry by the mass flow sensor 19 (S42*Yes) (i.e., when measuring the 
massflow controller of a large flow rate), it progresses to S43, and measurement by the 
mass flow sensor 19 is performed. What is necessary is just to read the indicated value of 
the mass flow sensor 19, without closing a purge valve 14 as it is, since 1st closing motion 
valve 15A is closed by processing to S2 and a purge valve 14, latching valve 4A, and 2nd 
closing motion valve 2A are opened in this condition, as drawing 2 explained. 
[0047] And the measured value is memorized to RAM of CPU23 (S44). And it progresses to 
Sll of drawing 2 , and the flow rate value is displayed on a display 26. Measurement by 
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the pressure drawdown rate which results in less than [ S3 ] Sll which progressed to S3 of 
(S42:No) and drawing 2 when not performing the hydrometry by the mass flow sensor 19 
by S42 (i.e., when measuring the massflow controller of a small flow rate), and were 
described above is performed. 

[0048] Moreover, in this example, after using a massflow controller for a real process, 
decision of selection of a measuring method and the hydrometry by the mass flow sensor 19 
are similarly inserted in the flow of assay. This is shown in drawing 8 . In S45, that 
judgment which should be authorized with which measurement method is made after 
processing (massflow controller 11A is usually set as a flow rate) of S22 of drawing 3 . 
When performing the hydrometry by the mass flow sensor 19 (S45:Yes) (i.e., when 
authorizing the massflow controller of a large flow rate), it progresses to S46, and 
measurement by the mass flow sensor 19 is performed. What is necessary is just to read 
the indicated value of the mass flow sensor 19, without closing a purge valve 14 as it is, 
since 1st closing motion valve 15A is closed by processing to S22 and a purge valve 14, 
latching valve 4A, and 2nd closing motion valve 2A are opened in this condition, as 
drawing 3 explained. 

[0049] And the measured value is memorized to RAM of CPU23 (S47). And processing after 
progressing to S27 of drawing 3 is performed. Assay after S23 which progressed to S23 of 
(S45:No) and drawing 3 when not performing the hydrometry by the mass flow sensor 19 
by S45 (i.e., when authorizing the massflow controller of a large flow rate), and were 
described above is performed. Thus, direct hydrometry is performed by the mass flow 
sensor 19 in this example. Here, since only the nitrogen gas from the measurement gas line 
12 flows in the mass flow sensor 19 and process gas, such as silane gas, does not flow, 
property change does not arise in mass flow sensor 19 the very thing. 

[0050] Since hydrometry is performed using a period when a pressure drop rate in case 
nitrogen gas is discharged through massflow controller 11A and a pressure declines is 
fixed according to the massflow controller flow rate assay system concerning said each 
example as explained to the detail above, sufficient pressure drawdown time amount is 
secured, and the period which is not fixed is not included in measurement, and flow rate 
assay can be performed in a high precision. Here, since monitoring of the indicated value of 
a pressure gage is carried out with a fixed time interval and fluctuation of the absolute 
value of a difference with the last monitor value determines a period when a pressure drop 
rate is fixed, the decision of an assay period is made appropriately, without being based on 
manual measurement actuation. Fluctuation of a ratio with the last monitor value may 
determine a period when a pressure drop rate is fixed. 

[0051] Moreover, if hydrometry is performed and normal values are memorized when it 
equips with new massflow controller 11A, it can authorize easily by measuring again and 
comparing with a clarification value after real process operation, without removing 
massflow controller 11A one by one. Moreover, when the system equipped with a reserve 
tank 17 and the 2nd latching valve 18, then massflow controller 11A which it is going to 
authorize are the things of a large flow rate, the massflow controller of a large flow rate can 
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also be authorized with high precision by opening the 2nd latching valve 18 and applying 
the volume of a reserve tank 17 to the pipe line. Moreover, when the system equipped with 
the mass flow sensor 19, then massflow controller 11A which it is going to authorize are 
the things of a large flow rate, the real flow rate of direct massflow controller 11A can be 
read using the mass flow sensor 19, and it can authorize with a sufficient precision. 
[0052] In addition, of course, various deformation and amelioration are possible within 
limits which said example does not limit this invention and do not deviate from the 
summary of this invention. For example, although nitrogen gas was used as gas for 
measurement here, other gas may be used as long as not only nitrogen gas but the clean 
thing which is inactive is available gas. 
[0053] 

[Effect of the Invention] From having explained above, like [ it is ****** and ] in the 
massflow controller flow rate assay system of this invention Without needing the setting 
pressure for assay for each massflow controller of every By being able to apply also to the 
system equipped with two or more massflow controllers with which properties differ, and 
enabling flow rate assay with high degree of accuracy also about the massflow controller of 
a large flow rate especially The massflow controller flow rate assay system which enables 
stable operation of the process which corresponds to the individual difference and aging of 
a massflow controller appropriately, has in them, and uses gas, and high availability 
operation can be offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the block diagram showing the massflow controller flow rate assay 
structure of a system concerning the 1st example. 

[Drawing 2] It is a flow chart in the case of measuring the pressure drawdown time 
amount of forward always. 

[Drawing 3] It is a flow chart in the case of measuring the pressure drawdown time 
amount after a real processes run. 

[Drawing 4] It is the block diagram showing the massflow controller flow rate assay 
structure of a system concerning the 4th example. 

[Drawing 51 It is the description part of measurement of the pressure drawdown time 
amount in the case of the 4th example. 

[Drawing 6] It is the block diagram showing the massflow controller flow rate assay 
structure of a system concerning the 5th example. 

[Drawing 7] It is the description part of measurement of the pressure drawdown time 
amount of forward always in the case of the 5th example. 

[Drawing 81 It is the description part of measurement of the pressure drawdown time 
amount after the real processes run in the case of the 5th example. 

[Drawing 9l When discharging gas from a massflow controller generally, it is the graph 



15/16 



Japanese Publication number : 07*306084 A 

which shows signs that a flow rate and a pressure change. 
[Description of Notations] 
1 1A Massflow controller 

12 Measurement Gas Line 

13 Pressure Sensor 

14 Purge Valve 

15 1st Latching Valve 

17 Reserve Tank 

18 2nd Latching Valve 

19 Mass Flow Sensor 
23 CPU 

25 A/D Converter 
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(5) 
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X^n-n>ha-^colt«'J)(Sje^ (l) 

CO 0 2 0] #JgW (4) (D7X7n-3>hD 10 

-vSiMv'XfAtl^ gEg^cvx^n-n^b 
n-7*S0WtfWlc (l) TbM (3) <Dcfc«3tc1&£ 

fcLTE«#«JWEttr* 0 fLT> ^n-bXOTMlL 

ft*, sow^r**, wtf (i) nm (3) Ocfe^jc*^ 

[0 0 2 1 ] Sft, #f§0J! (5) ©TX7D-3>hP 

*#;*E«3Ste«8ILT (1) T^m (4) (0<fe5k:*ffi 

^6iB»fLT (l) 7iS (4) Oi-Sfctft^ffdo S 
fc, (6) <Ovx^n-avhD— 78Efi«^i/ 

Xt^-£U\ Mi^X7P- n>hn — ^tcov>T 

/ <- ^#«Bfl V W-Wffl # X * v X 7 n — fe 
[f7X7D- 3>hn- 9te8KU ^i:t07X7u 

»fi*:«l^fSo «iOvx7P-3>hp~7^ 30 
l^T« (1) 71^ (4) Ocfcdtctt^fr^o 
[0 0 2 2] 

*S^^7 L A*a»fbbT*rxEB3Rfc:ffi*i&/u^v>< 

o^coj|jiii«*Biffi*#fiaLTKwrao 0 1 1 <d 

2IS<D7n-CX^ (A, B) tf, tftfnS 
1 BSBW (1 5 A, 15B), 7X7P-3>ha-7 
(1 1 A, 1 1 B) , RD*^2g8BH# (2 A, 2 B) ^ 
^T§yptX^X7^> ( 1 6 A, 16B)*iiL 40 

[0 0 2 3] ££IC, /D-tX^XS (A, B) fcttgij 
tC, «iiOftffliJ*X^^>l 2*<Rtt&ttT^3 0 ItS'J 
tfX^-O 1 2ti, TX7D- n>ho— (1 1 A. 

i i b) <Dffi&&fe<Dfcib<Dmmmii7>v$>zmmi}7> 



(4 A, 4 b) *«T*^n-trx«rx«5>r>o*iBBeH 
#(15A, 15B) ^7X7P-P>hP-7 (1 1 
A, 1 1 B) fc<DBfc^8ltbTt^«o 

[0 0 2 4] mmmffifflft (4 A, 4B) (i, 7X7P 
-3>hp-7 (11A, 1 1 B) *#g«fc:|ftJg-rSte 

#\ 7X7P-P>hP-7l 1 A^n^t^ 
»»ffliflBH^4 A*BB#»iefflMBfl#4 B*Bfli;£o v 
X7P-p>hP-7l 1 B«*ffi-TSfc#ttBBH*a! 

BflB§#(4A, 4B) fc©MteE*-b>1J- 1 3 tfRtfS 

[0 0 2 5] C^MtfiJ^tfX^X^Ate, SKStt^M 
iii2 2*tUTV>5 0 %fttt£M»ttB2 2«, M 
»¥®-e«*C P U 2 3, AHi^>^-7x^Xf4 
§ 1/0 2 4, T^n^f*— **^*/l/^-*KS?» 
nft»OA/D3>;^2 5, I^tDf-^^Xf 
^X^t§g^8l2 6, ±fin>lf^-^2 8 
h<D4 — 7i^XT^§ I /O 2 7tCcfcO«J«*n 
tt^ 0 CPU2 3tCte. SiJ»yu^A*tS 

S^t^ROM, Stf— ^Wtc-r-^^*fg«-r§R AM 

[0 0 2 6] EE^J-feVit 1 3<Dfcfctfj&. A/DP^- 

2 4fc«»LT^So -75\ M^JW12 2^, 
7 p U-feX^i**fflfflILTV>§±fi[3>'lfa.-^ 2 8lCg 
aLW5o I /0 2 7tiT ? -^iifi^3 

K 3 1^U, ±ffla>t?i — ^ 2 8{|JtfM>£- 
7xYXTfeSI/0 2 9»:S8iLn>§o 1/029 
tt, ±ffir3>tf ^ — ^ 2 8<DC P U 3 OlcfflgJLTl^ 

[0 0 2 7]:»c> ±E««*W^ a c 

^^Tii^cD^n-trX^^kf^^tT-r^^tcti, 
(4 A, 4 B) SfflfcLt, ftS'J#X^> 1 2^£<D 

■fex^x^jEE^-trvy-i 3©#icifi^3c£<as:^<k 

3^Ufc±T\ 7X7P-3>hP-7 (1 1 A. 11 
B) fcRj£«E*Blj!inU fBlMI5B# (1 5 A, 15 

b) Rumzmmff (2 a, 2 b) zmtLx. /at 

65o /P-tXft^^tcfi, iMLcfc^tS^x 



[0 0 2 8] frfr&jfXz/Z.7-L>lClS^T, 
3>ha-7 (l l A, l l B) *ffi£hlc3:&Lrzm^ 

l*Hte<fcoTfclB»*SW-*o CCDfctb, ^>XfAle 10 

©ft»*il»«H*±-CH* LV\ 
[0 0 2 9] Hl/->tr«:#»lHl»||fT'rs<li:»c 

7(11A, 1 1 B) (Dft&tf&ifrrZCttf&ZCD 

-3>hu~7 (i i a, i i b) *wsj-r**aui* 
jA^nri/^oT\ #7X7o^>ho-7 (i i 

A, 1 1 B) O^iiSI^t, <T3*?5?tfi 
fcW«fflita«E*»« Litre ir^pffilT^So 

[0 0 3 0] C(D^^jO^X^X-rAtC43^§^X8S 

TKflf*, *fH2-e, iE#«FOBE*l»"FWIBI*Wje 
■T«#HH»cov^TKWr*o eo:7u-te, tuIECPU 

l A^giL/-c?>Sf, WiMHftl 5 A*BBi:LT, 
7X7P-nyhP-7l 1 A^utX^XA^« 

zi> h a — ^ l i A*BBl/>T, 7X7D-3>hu-7 

i i rt(caorv^yn-bx*xA*stm-rSo ^l 

T, ^-^#1 4StfSI#4 A^^TftS'JytfX^ 
>1 2*^t^X«:yPtX^X7^> 1 6Atc#A 
(S 1) o fi3k C(Dfc#jfi»f#4 BttP^LTfft©^ 
o*X#X5>f>fcttit«LT:fc<o 

[0 0 3 1] 7X7P-n>ho-7 1 1 ACDffi. 40 

iR€*i»yo-bxi?ffifflt5BfSoili:'r* (S 

2) o CCDtitm-Vte. yotX^7^>l 6AlCfcm 

nsE^KDti^x^ssn, 7X7n-3>hp- 

5 1 1 A*^«jl^OB8^fiOSSR*rx^8EtHLTi> 
D*:— *SftTi^5o $>*M 4«rEBLa (S 

3) o eniccfco, ttTai#x5>r> i 2fr*><Dmmux 
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[0 0 3 2] CCDJEM&Ttfmc^T^&mmtplC^ 
Bf^flfBHi (1071S2 0 0mseclS, A/D 

3<omtomtiimwBLe>ti. CPU230 

R AMtCfBH^n^ (S 4) o feTF, C©«!UES*P 
n t^t^o C£)£#C PU 2 3m ^OTE^IO^ 

ftfjlAPn (=Pn -Pn-1 ) JtWft-t L> entaSiS* 

3 0 cpu23«, APn *imrt-*crfcji:fjiaoafi: 

fBAPn-l ttiMT&o ^LT> APn £APn-l <0 

MOJBfcMlABS (APn —A Pn-i ) tfiffi&<DJOLfim 
d PWT^*S*^S^**iJ»fr* (S 5) o d P*iiSA 
(S 5 : NoK S 4 ^BiSMlCffl'M* 

[0 0 3 3] A B S (A Pn — A Pn-i ) tfd PIXTX* 
(S 5 : Y e s) . Pn OfB£:#]#lEE 

^JPi t ITC P U 2 3£)R AMfcBS^L, ^<7)£:£<D 
«P»J (S3T?^-^1 4*PHL/£i:#*aJpfc-r*. 
JWTBIi:) *WMtl*HI»«WJ 1 1 t?Z> (S6) 0 BP 
"S, /<-3>*M 4*WCfcit«H:8l«*^*-fl»*0 

*»ktSfti6lf«5o tLTJEfczmSOMBTOffi* 
W€*ttfTL, Pn Stf APn *RAMicfB«-rS (S 

7) o CPU2 3&. APn *WmTSCTfclC*tig<DS 
ftfflA Pn-i irttBrTSo fit, ABS (APn -A 
Pn-i ) tfd P*i8S^.TV^^5fr*WR-ra (S 

8) o d PWTT?feS«-&tcti (S 8 : N o) , S7^\ 

[0 0 3 4] ABS (APn -APn-i ) tfdP^ 
Tl^Si: (S 8 : Y e s) , ^(Dt^cDPn Offl«r»HB 
ffi^jP 2 tLTCPU2 3iORAMlC^U 
OlWPJ*l«»IBfKHI*TWP*J 1 2 4:-TS (S9) 0 ^L 

£ LT C P U 2 3 OR AMtCfBlf-rS (S 1 0) 0 

T> TX7P-P>hP-7l 1 A<D»^8S»&^K 

12 6tCgbjrrS (Sll)eK LT, ZE^OE^J 

[0 0 3 5] fit, HU->lf«:Hfi*^ffLTVX7 

tt, Wtf, ffi*BT«f»*»J«LTIE«ff*BT^mt 
s ^irt^-TSo L^)7P^l3Kf 0 03<D:7D — 
<DS 2 1^6S23 $-{?«H2(D7D— <DS 1A^S3 

ST*fc£<ra«-e** 0 bp*>, siRH#i 5 a, mm 

#4B^|i:U S2MBH#2A. 7X7P-3>hP 
-5 1 1 A, 4, StfiSBf#4 A*B8l/^T. 

ItSiJ^rx5-Y> l 2<Dg|g;tfX*:/n*:X;tfX5-i'> l 
6 Atc^AL (S21) > 7X7P-n>hn-7 1 1 

AtttfammiZL (S22) , /^m^dtea 

»T*B»-r* (S2 3) o 
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[0 0 3 6] f LT, E*Hr>U"l 3 (Ditmmtfm 2 <D 

(WWJts £ L (S2 4K J±t]^>Vl 3©W*M# 

(S 2 5) c ^Its SS^jejeDM^ftSUEE^BT^M t 
e tLTCPU2 3 OR AMtCfetfrTS (S26) 0 C 

p u 2 3 a, itsijjE^^T^rB^ t e *mnj±ti&Tmm 

ts fcJt«LTff^Hrtlc*«3!n5**W»fir* (s 

2 7) o !*SIBHrtJcfc5«-&lCtt (S 2 7 : Ye 

s) . YX7o-3>hD-7 1 1 AtfIE?rt?fc£g* 10 

m^b (S28), E*»T«pHfc»Sa«t«0B8«cJ: 

r = (te - ts ) / te 

C (O r tfffife<Dm& 0 0 fcliStftltf , S 2 7 T« Y e s 
d— T*tt, StB«>6n*«!Hrt"ePi *^P 

£>So 

[0 0 3 8] fr< U7X7n-3>hn-7 1 1 AO 20 

[0 0 3 9] ^C, »2 05tMWfc:OV>Ti»JI»-So C 
SufEb/cm 1 <DH«liOT(0«iJ»7a— (O— « 

5. S80BE**Tatt«<— *-e***5*o«Bf*, 
J±^OM^&<itTlT HOT^So BP'S, JE2MIAP 30 
n £ A Pn-i fciOitW 1 tcifiV^fflTSntfJE^BTiifi 
^r-^^^^LTJE^Pi i:I±^P2 
T?feSo 8£oTS 5"eti, (AP0.1 /APn ) ©ftf 
^fe^i&fclEB (Mx-lS. 0. 9 8 5-1. 0 1 5® 
ttfc**Uf N o tWRU *0«Hrtfc:*ntf Y e s 
PJBrLTS *ftffit5o fbTS8m 

Y e s fcWdfLTS 9*?E2jP 2 *jfc£"rs 0 Ctltt^ 

[0 0 4 0] #(C, ^3OHfig^JtCOl^TKi0^-r^o C 40 

h5ib l rem 2 <ommm t i&m<D&&&n o/ct^ 

fe^o ^T, S 2 4 TU:B$£iJ 1 1 JC*5ttSffi**P3 
£ L> S2 5ti^Jt 2 tc43*t«EE**P4 £T*o 
f ttx E^jPa^EftP* £OM£, 02O7O—1? 50 



vmmmzwrWL as 29) , ^mmm^m^ntc 

ISffi*&^«H2 6lc**vrs (S3 0) 0 ff-ffliiE* 
HTFBflBt. aWffSi!Hl*3"eav^»frte:tt (S 2 7 : N 
o) \ 7X7D-n>hn-7l 1 AtfStT'feSi* 
mtlTZ (S 3 1 ) o 

[0 0 3 7] CCT% S2 7TlTt>n5, fWJEEaWTF 

u-3>hn^7 1 i A<DVimmmic~D^Tmffl*r 

So S2 7T?tt* ^O (1) ^CcfcOSlEaSftspr** 

(1) 

S 2 7J^TOMS^rfT5o cn^^^tc^VMi 

[0041] ^tc, m4<Dnt&m^^>^rmmT^o c 
(omMfflte, ^4tc^-rcfc"9tcitS'j^ s x^^>i 20^ 

/cffii:L/c^T^§o Uif-^^>^ 1 7 

fg2jIKfT#l 8^ffltA5nTV^a 0 fg2i&$T# 
1 8^P^i;tt^i^£:tt 0 1 O«dc(0feO^M«* 
V\ !£2jSKfr#l 8*BR^Tl^S*&K:«\ /«— 
4cfcDT^9»OgWJf-7^>'^ 1 7<Dttmf 

*ss« t ra«<D*u w y u-ic&o mmm^n hot 

MT\ itifflm2, B3i:Hi07o-lci9, «IffiffJ£ 
[0 0 4 2] C©*ffi0jOW«tt. Ml^X7D- 
€^5), 0 1 OgffiOf X->Xf At(±, 1 4 

^67X7D-3>ha-7 1 i Aicmz>mw<Dnmte 

'h£V\, C(0/ci6vX7n-3>hD"7 1 1A«1 

So fCT% C©*JKflf!rt»tta2a»f#l 8*BHl^c« 
0»/£»EB«*«:**<L> «i©7X7P-3> 

«\ IE 5 J: ^ tcfufSia 2 07 a— 4^ S 1 (DfflkR 
lf0 3(O7P-EfS 2 1 OltftJC, ^2^»f#l 8«:BH 

<iff (S4 1) *^»A*n* 0 

[0 0 4 3] /MI^TX7n-3>hP-7tCO^T 
^2ii»f^l 8*BBUTill3t-rntf*l|l»fflJO» 

ROlg2i&®T#l 8*. *l»c(B6"r2fflW±»ttT 
txt^o 0J*tf 2fflOUif-7 r ^>^ l 7StfS2ffiWf 

#1 8*»tjfe«^»ctt. /j^fl, ^ssa. ^ssiaov 



(8) 
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« 2 *»JcD fe OXB* 3 mmm<D t> OfcffiflJ L T fc <fc 
[0 0 4 4] RSOSHUftllcO^TRWtSo C 

o*8S0UH\ se^^-Tct^tcftawx^^yi 20^ 

— ^#1 4 «£DT^OfuBtcvx:7u — -fe>-9- 1 

[0045] ccommmv^, /hgstsovx^p— n> 

hn-9*j||*r*fc*tt«nEWl*«iff0i:ra«K:. v 
X7P-3>hn-7l 1 A*^6Sfi»Lftfc*Offi*». 
Ta*fc*0i«««IS*fT3o /J«I^X7n-n> 20 

^*4fr6t?*So —7?, Mi07X7n-n> 
hn-7«t§i:f^vx7D- tr>+t 1 9£:^ffl 
T^o ^pl*lcttEA»TI»llllff»^©T?ff*l» 

7X7o-t>t 1 9fc«feaauiiBi«*-r*»'&K:tt, 

» 1 BHBH^r 1 5 A^rP^U. 1 4, »f#4 A, 

S2BBBB#2 A*Ml/^T> 7X7n-3>hn-7l 1 
A^i^L, f©ttit^X7D- tr>*l 90 30 

[0 0 4 6] aoTCO«»«7?oai»iW*07n- 

7a- 9tcj:««i»»J^fc*JfALfcfe^i:* 
§0 Ctl*ia7lc?jVro 0 2 CD S 2 (TX7P- 
rr>hn-^l l A*mWtiLMlcm7£.) <D'&. S 4 2 K 

(S 4 2 : Y e s) tcte S 4 3^\ii», 7X7a-t> 40 
"9-1 9"e<DSJ5£*fT3o C©tt(»rttH2^8lMLft«fe 
5tC S 2fT^MT«l»i 5 AtfflJt&tU 

1 4, mw&4A, »2Hin#2 a#i»mit 

7o» 9 0jg^a*K*ffintfcfcv> 0 
[0 0 4 7] fit, *<DfflJ^fiI«:CPU2 3<DRAM 
tCfBtlf 3 (S 4 4) o fit, 1 1 'NjiA.-p 

fOiifl^^il2 6tCgt^T3o S4 2T-7X7 
a— 9fc<fcS»*fflS*fTfc&^«^ 
8SS^X7n-3>ha-^^rffliJS*r^*^c« (S 50 
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42:No), I2«S 3^\J1*, tulBL/c S 3«TS 
[0 0 4 8] *fcC©*MM"Ctt, 7X7P-n>bn 

**i««wffifc3V»A*nSo cn*B8^to 03 

OS 2 2M1 (7X7o-3>hP-7 1 1 A^rai^ 
SfUi^HS) (Oft. S4 5tc*5^T. ^fnofflSSS 

■enkffi-r^ts^WBfSfif^o vx7P- 9tc 

h P-7*tt^t5i|^ ( S 4 5 : Y e s ) Icfcfc S 4 6 
'Nil*, 7X7D- fe>+M 9"ff<D«lffi*fT5o COJK 
ffilTte0 3 T*mW Lfc&5 \C S 2 2 STOJSIfg 1 
BMH#1 SAWBBCSn, ^-v^l 4, i»»f#4A. 
fB2MBH#2 A^PIfrnt^SO^ *<D3;S^— 

[0 0 4 9] fit, *(0«fffitt*C P U 2 30R AM 
tcIHU-r^) (S 4 7) o fbt, 0 3 OS 2 7^31^7? 
mkcO^im^Oo S 4 5t^X7n^>^l 9tcJ: 
*autWffi*fftoftv^«-&, EP^^I^X7p-3 

>hn-9*«e-r*«dtett (S 4 5 : No) % 0 3 
OS 2 3^\it^ WfHL/cS 2 3W»©*^»fftotl 
So £0£5K:co^#im3\ TX7D- 1 9 

9fcttff-««rx^><> 1 2^e»oii^x(DW 
[0050] tx±i¥»ctfiB^L/'ccfc-5tc, mz&$mm 

ic«S^X7n— 3>hn— 5SS«^S/X-rAJCcfcn 
tf, TX7P-3>ha-7 1 1 A«rilLTS*5ffX«: 

E*»TWplBOT««*tu fro, E*«Ta**— *t? 

[0 0 5 1 ] $fc, |jp n q(DvX7n~n>hD-7 1 1 
A ^if If: £ # fciffliMS*^ V^iE«««rlB« LT6 
W-tf. liyn^X^f»?ttcBfiffliJ^LT?f^fii<bJ:tK'r 
S C ^ ct D . 7X7P-^>hP-7l 1 A^rv^t^ 

XxAi:-rntf, ^L<fc5tmX7o-3>ha 
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-^1 l Atf*Wtm<D&<DT+&Zt%lc&m2fflBi&l 
n-3>hp-7l 1 A^gftfitDfe<DTfe§i:^tcti: 

[0052] msmmm&*mfiitm£.-r**>(D « 
a**fxK:H5-r :; pigttT»oT*>o^u->afe 

[0 0 5 3] 

ItL&V^ 1fttOg&£«a<Dvx:7n — n>ho 20 
£^<i;D> 3>ha— ^<DfHi*:M-^Si^{t 

-7^^>Xf^mttt§Ci:^T^§feOTfe 

[0®<Dfipi&iKra 

[0 1] ^lHSSWJt«^vx7n-n>ha— ^jJKM 



[0 2] xE*»Offi*»TWm*Wft'r«ii^07a- 

[0 3] *^o-fex*ff*K:l3»*ffi*l*TWMIII«Jlll3e 
ni^7U-ft-hTfe§ 0 

[04] S4*fflHMfcffi*vx:7a— 3>ha— ^iffis 
«^i>X7 1 A<D«fiK*^-r^P y*BT$So 

[05] »4^ttMo«^£EAnT«noncomii 

[06] ^5^j5g^Jtc^^vX7a-3>hn-v^M 
[0 7] »5ll«iWO^OiE««f<D£E*»T«fM09J 
[0 8] »5*«ffjC)»&o*^ , n-fexllffaoffi*B 
[09] -fcTX7n^n>hP-7^e^x^M 



1 1 A YX7P-3>bP-7 

1 2 itsy^x^-r> 

1 3 JE^>^ 

1 4 '^—isf? 
15 1 

1 7 U1f-^>^ 

18 §I2jgW# 

1 9 "7X7P-t>-tt 

2 3 CPU 

2 5 A/D3>;^^ 




[06] 
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[03] 



^22 



I <=* r 27 ^ 



31 



x7-Oft<»-| ! i 



14 



7atX^ A>- 



15A 



— 

M5B 



r 



28 



29 30 




I/O 



161a, 



16B 



* A /-II A 



2A 




B r llB 



2B 



7n-bX 



$3 28853*2 A. ?Wm>HH1 1 A 




S31 



] 



[17] [18] 




[0 9] 
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[0 2] 



S1 

S3 

















#1 5A, «Wr#4E3 


EH 


&2EIHJ#2 A. 7X7Q-:i>>o-7l 1 A Bfl 


1 4, «tt#4A 





— c 



7^7o-3>ha-7 1 1 A, flft«95fe 



J 



p n»t/*<P3E{fc<gA p n &imr z 



P I* - P a 



(Dlg^fflP.SrR^i:* 
P„at/*<Pgfc <*APnfciagr* 



NO 



I AP«-AP™ . | >dP? 





YES 


Pa*-P„ ' 




J>4 

S5 
S6 
S7 
S8 



S9 



S10 



7^70-3>|-0-7l 1A 



S 11 



I* 7 



